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(54) RESIN-CONTAINING ROLLED SHEET MAGNET AND MANUFACTURING METHOD 
THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a resin- 
containing rolled sheet magnet having a high coercive 
force and high energy product at low cost. 
SOLUTION: Thus magnetic uses a magnet powder 
having a soft and hard magnetic phases. This powder is 
composed of 3-15atom.% of R (at least one of rare earth 
elements), 5-25atom.% of N, 0.5-1 0atom.% of M (at least 
one of Zr, Ti, V, Cr, Nb, Hf, Ta, Mo, W, Al, C and P) and T 
(Fe and/or Co) substantially the rest. The magnetic is 
2mm or less thick. The magnetic powder has high 
magnetic characteristics and superior in oxidation 
resistance enough to allow the kneading, pulverizing, 
forming and heat treating steps to be made in air for 
producing the sheet magnetic and the atmosphere 
control is not needed to result in a low cost. 
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*tf?R (Rli«r±m5c^WlffiJW±T-fcS) . T (Tfi 
Fe, ifcliF efciVCoffcS) , N&JctfM (M 
(i N Zr, Ti, V, Cr, Nb, Hf, Ta, Mo. 

w, ai, cjQ«tD ? P*^jl^$tL5 / >'ic< t h i m<r> 

N«tti!) ! 5-2 5g?% > M©^tii5i0. 5-1 

[»#Jf2] Rt©Smtk^5 OBWit?* 

M*iZrffc5*\ Z r £D— |fP5rT i , V, Cr, N 
b, Hf, Ta. Mo, W, A I , C&£VPfrbMVl 

RW^rfia s 4~8iJiC- : F-%, N©ttt^ 1 0~2 OJGS 

M©§tti)5 2-1 OI^-%tfe 9 , 
fiMfCSStttl^R. TftJ;t>'N£Xft:,i: U TbCu 7 
I> Th 2 Zn 17 IfcJ;OTh2 N i nW.fr<bM&.&ti 20 

5-60 nmT*& 9 , <Om&tf 10-6 

[fS*IfC3] ^ol^/U^— ffifr 6 . 5MG0eJW±T-*> 
3M*S l 2 ©WBB^BEIi 

[»*«4] aefljaae&a* 5 . 7kG«±-e*>5»* 

[ft** 5 ] S5»*«WeiFS# 1 1 0 u m «T 

^ss^-iR«iaxg^^i-6W*Ji6cDOTg^wjijii->- «> 
[0001] 

[0002] 



2 

[0 0 0 3] t-«;bi$5->— HBS^iPflitlStfVx.-f j/ 

D C * ft ir'tcilffl $ ixT ^ 5„ 
[0004] #J;tlf . 5-4 7 5 7 ^&$R fc.fi, 

»Ttttt«:*r-*-5»IIB'<-f v^-f fc. #±JB-a»&« 

#>t^ y vm.K&mmirz>jfmtfmm.£tix\,^ a r 

g. «Rtt1*&8H*Lfc«, HKfcJ=EJ£t-4XS, > 
- Hft(iffiffi$nfc«5*ttS: 125-18 o°cw?a<t 
&{$T'6 0-18 o&m&.±.&Mmi- 5Ig, n?i*aa$ 
4ifc->- UttB^JRttSrtBWrrsxg. WBfft©^— h 
ttSJM&SfWfc 1 0 0-1 8 Ot<7)1SMW't , fc2 0-18 

^coHJgfisj-eii. jg^xsroifitc, 

sRxSjWRttfeft-o^. :o8RMiatt. Se*St 
so. 0 8~3%<D^t<t* r ^#ffl^'p-etT^n5. * 

d\ -C#5fc*lt*^(£tt*i;fc^j; 9fc, /SfflfcTA-?* 
■Isi'X'&trtek'LXnt'tiZo <CJ3, lOSi&ill 
tt» F4»ta5*ttw9IWfffi©*PBItS:(EiiL-CPI'JttS: 
mtb?>tctt><nh<nX-foZ)<, m&nX'l*. Nd-Fe-B 

$fSBr^5. 5kG, ft^i^/U^r— ^(BH)max ^ 
6. 2MG0e-r-&>-5 <> ^#<7)||Jg^^(4->- 

[0 0 0 5] ifc, #RfiBg6 3-2 4 4 7 1 4 

«fetdJ;0f^«$ix5. l^^#WHlffi^lT*Hl?$ 1 nun 

Wfti^ffili. 4. 5MG0et/ioT^-5„ 
[0 0 0 6] iK^r-f y K«5Jcfflv»e>*i5ifi5ttfi6*± 
Ltll, W±(±*±f£Lfc#^¥5-4 7 5 
7 -i-^fc i t>*i|#MBS 63-244714 -f§-^$8l£fE«fe 

[0 0 0 7] tfl&tf, Sm 2 F eni^Sl-N^gASl- 
H*LfcSm-F e-N*o#±Sfift«5*««3B*ix 
T*5<9, Sm 2 F e 17 N 2 . 3 ttT&<Of£.f$.X\ 4^Is = 
15. 4kG, Tc =4 7 0°C, H A =14 T©S*fttt 

?KI5iLT10. 5MG0e(7>(BH)tnax fi^htlS^ 
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<t, Sm 2 F e n&&r£Kt-&y>^<DN<DmAiz£ 

fcw£a<$R#3*lTl*.5 (Paper No.S1.3 at theSixth 
International Symposium on Magnetic Anisotropy and 

Coercivity inRare Earth-Transition Metal Alloys, P 
ittsburgh, PA, October 25, 1990. (Proceedings Book:Car 
negie Mellon University, Mellon Institute, Pittsburg 
h, PA 15213, USA) ) „ 

[0 0 0 8] ±E#S©#^f-f y KffiS^tCffll/^PjHT 

tt\,^tz #>m% icmm&mtm z z> <z>x\ i^mts v&it l 

[0 0 0 9] #-±^ftfk^(DeS:SlwMLT, #i¥3 
-16 102f / iSt1i, 2 tl^lHScO R e — F e — N 
-H-M»«5S:»?BL-CV^5o R e l±^±«jE*T*$) 
9 , Mii, Li, Na, K, Mg, Ca, Sr, B a , 
Ti, Z r , H f , V, Nb, Ta, C r , Mo, W, 
Mn, Pd, Cu, Ag, Zn, B, A 1 , Ga, I 
n, C, Si, Ge, Sn, Pb, B i (DjiMte i. Xf-Z 

<m. mm. *m<m. mmm.. mmm. ^-4 mm., 
mtm. mmm<n 5 <y>#< 1 1 1 ix-fes. m-zmx 

ti, MaiCiOSm-Co^Nd-Fe-Bl-C* 

Ltz t # t w t # £ PHS&iftb »««t«ptt«r9l *ttJ 
i-r <b£gii<ji: Lt^5. fe^-it^Sfll-M 

'>&V*j9». ifcJi, MSr^*L*V^tBS:^-t-5 2*B^(i 
Sw^u^8£5Sr8?jtLTV^5o l*I<k$BT'f;i, igflfffi-t' 

#=Lfc8L 3S{bfc*{fcL. £<b LT, 
Sfcliipyf-f 3/ KB£5£ LT^-5„ M<omm. 

[0010] P^«©|B3Stt«lfeK^S:±ff £ LT^S 

^m^mmmx-lt, Sm 8 .9 F e7 5 . 4 N 15 .5Ho.2 

m& 2 0 ~ 3 8 y m ) (C Z n £: 8 ^/U%jfe»P LT 
/US^-e»»#:Lfc.«, 4 3 0tT-l. 5B$W 
£S£6LT\ Smg. 2 F egg. 5N14. 3H0. 05 z n 8. 0 
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£Fe £«lfc*li{fc¥»»lajiSt?&5Sm2 Fen (1 
0. 5J^-f%Sm) (CI5<S'^L< SmSr^ftlCffiffli-?) 

[0 0 11] Sm-F e -N^iK^SrlSa^. h-Cfait-f 

tfffft-CfcStf. *±3S5riff»£il£<bl}-£, »l:Sm/ 
(Sm+Fe) Sr 1 0J5f»^%JWT£ Lfc»-^lC{4, a- 

[00 12] J. Magn.Magn. Mater. 124 (1993) 1-4 [dfi, t 

^ % iw^sm-Fe m-s-kzmt Ltzm^fimte £ 

jfxTI^-5 0 rcoS^f*, Sm 2 Fe 17 N x tB £ a - F e 
tit^^/^fcOffcO, 3. 9 kOetiS 

±1S*©± 5 4WkL^t^4*S:S5Iftt LTIi 
[0013] 

[0014] 

(l) ~ (8) <B^rfta»©#fifci-±0»J*i*ft5. 

(1) «5»*i»fll4:*^*L, WIE«i5l»*^R 
(Rl4#r±^7C*W HKiit'fc?,) , T (TIlFe, 

ifc(4F efcitfC oT?fc5) , N jo i t/M (MI4, Z 
r, Ti, V, Cr, Nb, Hf, Ta, Mo, W, A 
30 1, C*3j;t>*P^ibjltR$tv5'>^< 1 1 1 S07t;*T" 
*>5) ?r^*L, R©$W3~15It%, NOf 
*S*S5~2 5^%, M©Mi/) 5 0. 5-lOl^T- 

(2) R<p<DSmitmtf5 0M.^-%&>±X'&>Q* MA^Z 
rffo5A\ ZrW-gP^Ti, V, Cr, Nb, H 

f , T a , Mo , W, A 1 , CfcitKP^ibittR^ixS 
>Pt£< thi a»7E*r-®^Lfct.»r-fcoT, RtO^- 

40 #1:^4-8^%, NCO-^*-*^ 1 0~2 0^%, 
MW^iii^-lO^/ot-fc^ SIWfigttffi^R, 
Tdb-it^N^ifri L, TbCu 7 M, Th 2 Zn 17 i 
*3j;r>*Th2 N i 17 M^e>SiR$ix5'>/i< th liffl 
JSfBtB^-^ti'tCOT'fc^, ttftttttfi^b c cffim<DT 
ftfrt>/£ <9 , KSffiSttta»¥*H*Sf B fe«l*5 5-60 nmT- 
fe 9 , tt«8ttffi0>W£-** 1 0 ~ 6 0 W-m%XhZ>±M 
(1) ©»Bg**JEJ£->- 

(3) ft^^^=¥-«iJS 6 . 5 MG0e^±T**)5±IE 
(1) (2) C5OTg^*/±jiS->- HK5„ 

so (4) %gB££&gfl*5. 7kG«±T-fc5.±IS (l) ~ 
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(5) I5t9*»?M^^l 1 O/im y.TT-fo-5± 
IE (1) ~ (4) W^irft^eDfflJjg^EEiSv-- hB£ 

So 

(6) ±IS (1) ~ (5) »^-fix*»©»Jig^ffiSiv' 

- H»5S:«lit-f5*«fe"e«»oT N 
fitfl-*--5fil*Xgi, S«xeicJ:9»P>iifciBI««!>«: 
»»i-5»»XSi:, »»xefcJ:0»&ftfct&»*9«: 
•>- httlc*JI5i-5fifcJBXS4: «:'>/<< t t>*TU rfi 

(7) fifc»xeic±0#f>nfcJ«Jlgfls|cl»to]lS:*-*-Sft 
*HiXg«:3ri-3±«E (6) ©»H6^flEg->- 

(8) fRtoaxafcUffctt^ffl^rfifSiia (7) © 

[0015] 

t^T-#5„ r<0«t 5 lCiSiitXS{w*J^-C^ffl^Jffll^ 

s^DT^itfjixs^sxst, iftttfiatt 
sa^axsT*<73?aai4 i ootttitits^, & 

[0 0 16] ±teLfc#M¥5 -4 7 5 7 #&flt(3 J: t>* 
<&mSR6 3-2 4 4 7 1 4-§-^tlt--?:tl-E r 4x|E«$tLT 

V^TSiigSixSNd-F e-B^i5t»*^ffl$h 
So S5iiA?fcffil-J:5N d -F e -BWM^&JfrlL li 
tA/f^N d 2 FeHBSIlWb/f!), r<'>fi 
©Nd <J s/^ti^ff?£-rSw t^*pf)tL-CV^5. :cn 
d 2 F e uBfiMg&ttfBfiflfe^/tieK ->-hB5it5 

- F e - B 3M^*ffll»5»£fctt**W4©fi^tt5 

*Bfca-F etB£^ s $WH£JB3£tt<£>*>5 a - F e 
ir&oTR-T- WBStttS ~<Z>J£;*) 



(4) 

[0 0 1 7] ifc, «5»5|5©*aj«*JJ:Vfil««igS:± 
ii.S„ 

[001 8] 5ES©Sm-Fe -N^BS^T'li, #r±3i 
TcSir&ffftjJ^fc < ft 5 t a - f e tBri^SKWffl LT 

(io~2 0K%) tts: ticj: 9, liiLtM 

(Dm^-n^Bittit. Hk / iHc ^«*1"So 
iHc (ItS^T**) <5\ Hk f4> Ilt^r!)-^!'- 

/roi 2 felBfc&i >-c«*$«iO«S9«JlMB«© 9 o % 
^^^df-^qtCjti/iV^ Hk / iHc (4. 

20 »2«Rtwfe*lt5a«0©££V*«r«;fcrj-. iHc #|5] 
ftfeottHk / iHc ^^^liimfOil^P 

ft 9. A»oj»atft,o#b/>/i< ft 9, 
/^-flf^SKftSo «5tfeffl^F©^»*»P>«> 

■So *^-C-ffl^S^*&*-CttHk / iHc tUl 
5%£Lt#S,gM#e>*U 18%£t±, £bl-f42 0% 
J^Xt-rSr t-C#5 0 Hk / iHc 14, ii 

30 ^ N 4 5%^J^TT*foSo HkiLTIi, 1 kOe 

Kl±7) s ^(C#PptL, 1. 5k0eJ^X, £btC[42k0e 
«±ti-Sr tfc-C^So Hk (4, iifif, 4k0e 

2 0 — 5 0%fgg<Diiji^Hk / iHc C tiO? nltg 

T-feSo 

[00 19] Z<D£?\C$i$£WX'l^ i^ffi/fRWffiffl* 

t^-etiof, (6;«»-eKtttE*« 

S^H^i-So 

40 [0 0 2 0] *BBttlRAI4, 7-1970 

[0 0 2 1] Sfc, Xa?LfcJ.Magn.Magn. Mater. 124(19 
93) 1-4IC(4 S &ii&&<£> a — F e tSO*gf B *if??!i5 20-5 

>9 a -F eti^MfiScLT^So Z<Dtztb, a - F e fficO 
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[0 0 2 2] ifc, Ji&LfZ&mW-S- 1 6 102^ 

mat, &&wx'm^ ; b7tmMZtiiotznMmi>abZ> 

[0 0 2 3] «^^#W^S^MAG-93-244~253 Id 
(4. TSm-F e -C o -V^g-fkfb^t-?:W#>-X 

i-f. Sm 2 (Fe 0 .9 C o 0 . 1 ) 17- X V X 

(x = o~2. o) &&&®MmmL, mmmmm. 

X'&t&m.Zftte'?tz'&. V%M^X<0 3-5 u 

[0 0 2 4] (e]^TMi, x = 0 — l. 0T'tiTh 2 Z 
n 17 ^0|£ B 1,«ii£&9, x = l. STIiTbCuy S 

ffi3--Y- bX'lt. f^t^Ml^V^a- (Fe, C 

tt, a- (Fe, Co) CO fc°— ^ d$BX> 6 *K xtf^t 
< fca^LfctfoT;:^— *J&^£< 49, x = 1 . 
5T*(ia- (Fe, Co) CO b°— ^ ttfgtf) feixftl^ r 
l^iStliVt^a- (Fe, Co) <D 
ffitti&nx.Z>$}%:fctbZ>k Ltt^o x = l. stilt: 

^jHcj^2 5 6kA/m 3 . 2 kOe) t^otl^ii\ 

#-ett, TbCu7a««r«fflLTttv^ R^« 

tit^^f, *5SWO<t 5J-»S»*b c c«iSTtBS:W 

[0 0 2 5] JMEPEG (1993) 2, 219-224 [dfi, S$fr^L^j£ 
&/flV\ TbCuy Mtt&mmLX* 2 2 k0e£rlg;l5 

a^T'fc5Sm 2 F e 17 J; 9 fc S m ilPJ T* 9 , a>o5n 
U ^^OTc»M^^Jp-r^r ktc&9* %mx 

[0 0 2 6] #1? 6-172936 ^tfRKtt, — j& 
SR1 X R2 y A z M 10 o- x -y-z (tt'l, R 1 fi^± 

¥&* s 0. 15 6-0. 1 7 4 nm"e*>57E**^»tfiX 
S'>fc< i: t> l«<E>7cfR, A(i s H, C, N*5±tJ«P^ 
bllin5'>i<i:tl«07C*, MliFe^iU^Co 

frbm&tiz>'pte< t h imojtm*^^, x, y . z 



5 

f*J^%T^;h^*Xx ^ 2, y^O. 01 N 4^x + y 
^2 0, 0^z^2 OSr^-T) \cxmt>£ti, £ffia*T 
bCu 7 ®£iB«i&S:^ru f)^mttm*^&£>Z>m 

mM^mm^n^(DA^<i'^x<D^m(Dm&o^9 o 

<Dm&<02 OfifC^%KATa>T (TttSi, Ti N A 1 N 
Ga, V N Ta, Mo. Nb. Cr, W, Mn^±(/N 

io [0 0 2 7] |Rj4i«|E*©«tt»»tt, TbCu 7 f(D 
{at, C CO^ffi t a - F e ffi^0ftS»tS ^ff S$ 

F e +C oOJt*J^9 om+Vo&s-tk^^, ~(Dktm 

[0 0 2 8] #1? 6-342706 -^W^tt, — jR 
S:R X A z Co y Fe 10 0-x-y-z Rf£#±S 

H N N, C^J:t>*P<^S¥^^il(iti5 / >4< <h t l «ra 
5tm, x, y, z(i^%T^n^tL4^x^2 0, 
0. 0 l^y^20, z^20^t) tCT^^^n, 

30 ift^Tbcuy m&&m&**rLs ^m^m^co 

F e fciVC o *«ll(rfB±tB*«>ASrlSfe< f -<TCO^CO 

5o F efcMTtm (MliT i , C r , V, Mo, 

W s Mn, A g> Cu. Zn, Nb, Ta, N i . S 
n, Ga, A 1 (Dmfrbm&tlZ'Pte < k fc 1 *C0tc 

[0 0 2 9] R^«ffi«OBSH4tt-J|Sffi, TbCuyS^ 

{cfi, :o±ffit a-F effi«o*K«tttai:SrWff$ 

5gtf>!Ei£t>*t\> IS144*IE«<Z>||lftffl|^5*>a 

e +c odt^^9 0J[^^%J^±<hffiv^^ roit^fi 

[0 0 3 0] #§B¥ 6-330252 Ig^ 
so %-c\ Y. K7C^C0 1«ifcfi2SW±^*r± 
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S&JR (R) 2-7%, Nl-15%, MFe^b^ 

tfW^Ett^ixTiaO, Fe«-Si«:Zr-e|* 
L»5:t, *±Ift^»«*Th 2 Zn 17 f, ThM 
ni 2 atfcttTbCu 7 i©8*iil*t>o: £*<Ctt 
SIXTIES. 

[0 0 3 1 ] m&ttK*0tt7ttttf±, SS®ttffl<h$W& 
ttffi <b ?r 1 1 5 ^ T'*!!0^ OK Cilfl L T t ^ ^\ 
fKttffl^S^IM Xa>±|gJi 5 0 0 runT'fc f9 > #3§W 

OKft^OftSttfiOt^ Xtt 10-50 nm-Cfc 0 , 

<*3. 1 F e 86. 0^ i 7. 8 N 3> i T*fc 9 , Sm^itfZ r 

«r£S1\ Ni^*«W«lS:Tia5o 

: ^KPWIBttffiliT hMn 12 tfc ^) , #3eWtf> 

[0 0 3 2] 6- 2 7 9 9 1 5 ^#fctt, fiSt^ 

ffl^Rx F e i00-(x+y+z) M y A z ft. W~%) 

1 0 — 2 0 O/im T*fc 5 , BfjfSR^Y, 9 ^ 

19, SuteMli, V, T i , Mo<Dl«*fcte2«£JLba> 

ISx, y, z ttJR^-S^*T?TE«>*iSH 5 S x ^ 1 5 , 
1 ^ y ^ 2 0, l^z^2 5t'fc^t±WWWE 

t\ »Sftttt>fX|:oi^tt, tX»*^IS*^5 0 

[0 0 3 3] 7- 6 6 0 2 1 — IRS; 

Rl x R2 y A z Co u F e ioo-x-y-z-u R 

1 fi*±S7clR^?>atfn4 / >>i< i: t R 

2 ttW^^g** 0 . 1 5 6-0. 1 7 4 nm-efcS5c3Ra> 

e>atfft*'>fc< i t ite*, ah. c, Nfcitf 

P;*>fciSlift54>&< t h lfficOx;*£;^U x. y. 
z, ui±W^%X^iX^:n2Sx. O^y, 4^x-fy 
^20, 0 ^ z ^ 2 0 . 0. 0 1^y + u$:*t) l-T 
*£ft, ±ffi^TbCu 7 SISf 0 iM*U ^0 a - 
Fe*@±fcli (FeCo) ffitf) Xjft£EIW 9 3&fi*« 

TV>6 0 ^LT, R 2 ir IT, Sc. Zr^it/HfCO 



i0 

»A^Btfft5'>4< 1 1 l«^7C*d*«*£ftTl* 
[0 0 3 4] i^SEi^Kili, T b C u 7 I(7)±ffi 

U I3^«ldtta-F eta<Oit^ffi*«<CV^o a-F 

(Hit«4 0m/s ) fcfiJJHLfcaR^-f 2/ K«5 (* 
3) *J;W*^^7n^^ Vt/^Jffl lf:^yf> 
yKB5 (it 4) cD^TfttC&^Tt. Zrft4oJ:t>*N 

J£Hk / iHc^(S<*9, ^fctofcft*^*^— 

20 [0 0 3 5] ^H^l 7-118815 #^«Ktt. — jtt 
xCR 1 x R2 y A z Co u F e 100-x-y-z-u OttzL, 
R ltt*±«5c*^feffltfn5 / >*< it ll^TC*, 
R2liZ r, H f tJjztfS c a^51f;£ft5'># < t t> 1 

tli^xS^L, x, y. z, ulif^Ttftf 
Il2^x, 4^x + y^20, 0^z^20 x 0 ^ u ^ 
7 0S:*t) KT^ft, iffi^TbCuySfS^il 
^tL, ^OC u K a»*ffl^fcXSi£)#r/<^-y 
#fllflE0. 0 2° J^T) l:*5lt5TbCu7 ItS^iS 
30 #t3£g£l p fcU a~F effi<Z>£R*t*««: I Pe^ L 
T b C u 7 Ift©iS!t»««)¥fifi3S s 0 . 8 
0 WTT% I Fe / (Ipe+Ip) **0- 4HTTfc5I 

[0 0 3 6] ra4&fHE*^*^»5tt. T b C u 7 MO 
±«*5 <fctf a - F effi^tt6^t1i*^^(ca 

l Fe / (iFe+Ip) f^t@of$ffitt:^$r*^^ 

()Siil4 0 m /s ) Sr^ijffl lfc#y7>f ^ KfiS^E 
*38Wo||*WtJt^»ea*«ft*siB:<*or 

[0 0 3 7] 

[0038] <«5t9*toffla*jfi>*5sw-efflt^s» 
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/; 

[0 0 3 9] SlfCSSttfflliR. T & 4 T>*N U 
ttM,?fr<DT b C u 7 gj, gffi^^COT h 2 Zn 17 i 
fcJ:U ! ^? { ©Th2 N i 17 S!jj>P>aiR$ft5'>fc< 

£!& AtS * it 14 T h 2 Z n ! 7 £j|$£ ffi * l± r *l © 2 
fBtfRSEL-fcWfiKfcfcS*, Smi 0 fcfitf±«ffi!l©# 
±3l7Elit£^tr*§lB-|;:f±, Th 2 Ni i 7 l!tt**a^#ffi 
tSrttfcS. RliitLtTht^f H3«tVTbt io 
4 M:, Tt4±i LTZ nlM K N i h*>4t>*C 
ut-f htSSt5i%ifeft4is, T©-»iSTht 
h*>40*Tb1M htc#iSEi-5a-e-t)*>5o M(±, 7t 
iiaottSi5i\ tiLTZnt-f K Nit'f 
hfcitfCuif-f hiCft&1rZ>t%Z.btlZA\ Tht 
-f h&4t>'T blM Hiff?Ei-«*g-t*>5o M 
14, ttfCWttfa-C&Sb c ctSitTtBlcA-S-i'kfc 

[0 0 4 0] @?fC8&tt*Bf fc*51^-C, ffi^-itT/ (R + 
T+M) 14, $7*L<I4 9 0 4 9£FSL 20 

< 147 5~8 7%T*fo5„ T/ (R + T+M) ^hSi" 

fst «&fua^*i 4 waeaju** {& < ft 9 . a # -r 
[0041] ftffgs&fstt b c c mmnrmxh <o . m 

Kittle a -F etBT-fcS^i\ a-FefflWFe©-S*i 
Co, M, R^T-m&£;}X7tt>»T*&5i%;i'bn-5o 
tkKfl&ttfil*. e!K<Kt4ffiW«fi5t/5e»T'fc5R-T-N 

•f^^77^ i«iS»«KW«*« t ft oTffiK^IT 

[0 0 4 2] «CK^tt1 : a©¥^a B BfeifI(4, #i L < (4 
5~6 0nmt?fc5. r © t # i«{»flS/j**# 5>tl-5„ i&^H 

^5 4:«a*J3J:Vftjett*siB:<ioTb*9 B ft*>\ 10 
^K^ttH©¥^SSEfIf4. L < f4 5 ~ 4 0 rant? 

mnm&temi&gkM'&tfTb c u 7 it& 
[0043] ucsfistttaii-flaic^^-cfc 19 . m®m 



12 

it. n (D/2) 2 =S/n 

[0 0 4 4] ffiffflM£ffia¥£&£&&(l> L< 14 
5 ~ 5 0 0 nnn 4 <9 £7* L < 14 5 ~ 1 00 nmT'fc 3„ fii 

^F+^T-fct), fcftfcO*. Rftttt 

(4. tt««ttta©¥ft&feS«ESi:ISItRI-UT||[a-r5. 

[0045] as^ficjoitsttwattffiwfi^tt, 

10-60 ffcfir/o, S7i L < (4 1 0 ~ 3 6 fcm%X2b 

5 . tic mmvttt ©w^-a* e-t #* t t> #* r t a » 
fta„ *>cRBitttB©«^-i6«tei-r5»^{c»i, n 

«t S^Mflftt^tSrKC^iS^^F+^t ft 9 , 
««**fb*«*L<ft5. ^K^ttti©#J^(4, 

^w&ic4 9*«>a 0 r <T>m%. mffimittmmitkte 
5. 

[oo46] <«5»*©iaBRE3ea*>»:^x 

[0 0 4 7] R©-g-Wft(43~ 1 5^%, $7SL<{4 
4~8J^T-%, 4 9$7*U<(44~7^%-C-fo-5„ N 
cO^#a(45~2 5mi-%, ffSKlil 0~20gf 
%. 4<9»*L<I4 1 2~1 L< 
(4 1 5M-?%)Hl 8Jl^%tlT, ftt»* U< (41 5. 
5~ 1 8Jg^%T-fcSo McD-i-^414 0 . 5~10Sf 
%, $7iL<(42~l OJSW, 49»SL<(42. 5 

[0 0 4 8] ROtWt!i 5 'Mt^5t, #1^411^% 
*«-C**)5i:tft«/j*«te<ft5. R©^W*^# 
t?5h !|#lC8Il^%®T-fcai b c cffiitTtB©* 
^'>ft < ft «54«H4*«te < ft a £ *fc«&#B#© 

^®iRSb*/iSf§< ftoTL* 5o ^f-, SiffiftRSr# 

SK&ffl-rar irieftafc*, ^<Bfta^s#e.nft< 

ftSo Smg^WRi: LT(4. Y, La, Ce, Pr, 
No\ Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 

tortZ&Km&m*. Th 2 Zn 17 M. Th 2 Ni 

nsL Tbcu 7 Mv>m&mmzmmma AL/iMt- 

^9, r©49ft?l!K^t41 : @T-«4R^SiTiT'$)5^f (- 

A«j5**tt*«fiTbtft«/)'b<B:Ti-5*:«), R*©S 
mlt*»4»* L < (4 5 0 HT-%J^±. 4 *) U < 14 7 
0J®^-%a±i:-t-5. 

[0 0 4 9] N^^SA<'>ft1-#*a t , #(c: 1 OJST-% 

*ffix'*>at*~ u-^s©±#, ^es^©(6]±. ftff^ 



#§?J¥ 9-2981 II 



13 

[00 5 0] jcsif Mt4, Sui£ Lfc»*Hfc1tte-«»«rlS3. 

LT t>, ffi««^»64xft<ft5. M»*(fii«'>4 

fefi«tS*S/h$^«5*5»e.nii< < 45. — *\ M© 
ttt«^t#'5i:, tSfP«{bo<(6:< 4oT Li 9. M 
f4, Zrt?fc5i\ Z r <D— g|5SrT i , V, Cr, N 
b, Hf, Ta, Mo, AK C*5 it/P^biSW 

WiU». Z r ^B^-f5.7C*t LTI4. A U C*J 
itfPw^K it. llW^K, 4#(-a l ^ifiL 

*"b*i-fc*, a l Ssioicj: 9, Sfc&glcgf 5B*IW 

(4, £F*L< Ii2~4 . 5^%, 4 <5 L < (4 3 ~ 
4. 51^ %•?#>.&,, rixti, MiLTZrfc'ltSrfflV 

[0 0 5 1 ] ±E#3c**ISfe^fc»»ri*HKWf;:T-C-*> 

5„ T(4. Fet*)5«\ fc5VS4F etSiVC of* 
-5„ Co©SSiBf4#tt5r(6l±$-a:S^v T^<OCo«it 

[0 0 5 2] <X*lE]W>flre»*<DfflfC«ttft*<Tb 
C u 7 Sigfflffl£-a Cu-KaMfflV^Xl 
(H]t)f(c:4oit?)TbCu7 S!fefitaro**ti , -^©3ftft«r 
Ih . KWfcttfflro*:*: I s tLfci 

I s / IH I4v £7-4 L< (4 0. 4~2. 0 , 4 t> # 
iKliO. 7~1. 8T'fc5o Is/lH^O. 4~ 
2. OX'htlfiM^^^it^^L. Is/lH^ 5 0. 7 
~l. 8"Cfoixi4$Cj»cBii/^JKtt:^#f>n5. Is/ 

ih ^'hs+y-cfc^i-yrt, 
[0053] aj6-rs»it*jfeic*it^r. jftuft^-Aicia 
«sr«fta$*5»^ iftAaaBtrroftft-fr&w i s / ih 

14, S7SL<I40. 4JWT, iO^L<l±0. 25« 



74 

TT-#>5, :®J;9i;, «Afflm»Is/lH 
L. m&micj:*) I S /IH £tf*£-£5. i-fcfefcSR 
*agic4 *) b c c«|jigTtBC0WI±i^ffii-«fi)ti:i-5r t 
K4?K ««<cb c c «itTfflS:fi«*t^»S-«:ar: 

[0 0 5 4] /i*J. R4>«Sm)tf^8 0 JJj^o/oJ^iT- 
fcSi:^ Cu-Ka^^rffl^fcXi^lElifflCiott-STb 
C u 7 SfefitB»**:tr— ^14, 20=42. 00-4 
2. 5 0° ©«5ffllCfc5wi:*«»*LV^ ft*:t 0 -?© 

<fcS. ftict'-?»ti^2e=4 2. 

0 0° »e«S[«fe«*<[fi;T-f-5«I^Sr* 
L, 2 0=4 2. 50° fcigxT^Si, rUS 
««I*©|^±, ftBit<7>fa±., m%>Mit<Dfa± 

[0 0 5 5] <fSI>^-fyyiLtffl^e>tv, fl£;&$ 

V\ «tBI©jg^l-fofco-CI4, #R 
r4r*«fi5-C*>5. ifc. :Oi 9(cbTiltRLfc2« 

[0 0 5 6] OTgweifWJi: Ltd, tfyr^v, at* 

30 il#J£8sJDLTk4<,\, 

[0057] <m&®jfckffimt<ni&-£i£>mGmjkt 

9 7SS% ( h#54 5Ki!^r5ri:;as$f*L^ 0 ^5 
[0 0 5 8] &*d. «5»*I-I4, WHgiwrl^ti^i*] 

[0 0 5 9] <->-ha^O-+ffi>**WCI4, 

50 ^-cbratiiiflstttg^wfeixa. 
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[0 0 6 0] <«$&W4>#BW?I±, He**-**"*— 
ffitf6. 5MG0el^±. 5 . 7 kGtl±T*> 

[0 0 6 1] <*lift*a:>acic. #3B9KO->- HBasrfc 

[0 0 6 2] ZCDjjmX'l*. R s TtJiVMSr^-tfiil^ 

[0 0 6 3] SSfc&Jfcjfe-Cte. R x T*5j;r>*MSr^flri- 

1 Om/s J£l± x £!3<HSL<li3 0ni/s W_k x £ bWi 
4 L < 14 4 5 m/s tA±, #KlflF£ L < 14 5 5 m/s U*±, 

u< (4 6 5m/s &>±k-rz> 0 u—tum&zm^ 

t£ffi.k1-Z>z tic if?, fiL»-&&*s*fta«ll8*ittt# 

—m<T>WSimbi\Z>o ftfc. n-^Jij$f4 x iiS, 1 

2 Om/s «Tirt5:H!»tLl-\ n -/iWlii^ig-f 

^•a-^14, iis. w^ffcs. »ffiwj?^t4#(cps 

Jt^ix&i/^ JJ* L< (48 ~ 2 0 0 i/ m x J;O0-*L 
<I4 1 0~6 0 y ra Jl$^8 ,/ m *ri©i**f?(4 

ifciPi£&fc#S - i a<BJE-C4>S. 

[0 0 6 4] #^^Wffi^ttit(4 x *KWlC*tS*fc 

TbCu 7 i, Th 2 Z ni 7 Sfc4LKTh 2 
N i i 7 I©5 *>^i*ixA\ *fcf4r*if>©2fii.tJt±cD*£ 

T^eyi'^r ^ffi^tfi t b c c ftigOTfB© 

fM*i*fti»*». £KWK:Tfia<£*ii*^»£-fctt, fife 

tO*gf B tBI4*tt&tlt-T b C u 7 Iffe5 0 
[0 0 6 5] ffij£OW-i%l£ik%i&& : &-fZ> b c c tSitT 

•5*2fSJfiSl4 x *T-4 L< (44 0 0~8 0 0°C X J; 9 Sfi 
U < (4 600-80 0°CX3b 9 . !&mmWHttS!MSM^ 

{>i5^\ iiS, o. l ~3 o o b^SS i-f r<z> 



76 

SlcJ:9 x ««fcb c c«STfli#WtHU Tb 
Cuji, Th 2 Zn 17 SfcJ:tJ t Th2 N i 17 S©'M 

[oo66] jja^fltJg^jffliw^feo^jas^, 

feft-a-^{cf^toasris-r„ -(d&jiicj: Tbc U7 
Th 2 zn 17 M, Th 2 n i nm<o^^^mm 

*5. SEfbaawKroftiaaftii, »* u < 14 3 5 0 ~ 

7 0 0=0. 4 9#$L<I43 5 0~6 0 0°CT'fc9 x & 

mmmiz. u < (4 0 . 1 ~ 3 0 or#f.8-c-*>5o 

jfxto&jjit* 0. 1 «ffiStt«±i:i-5r«t**»*L 
*+*3f#;*£rffl^£:9, TV^-T^^^ffli/^c^-r 
[0 0 6 7] mitHSMUs »»^*>t-«. «t«t 

Lfc«fcttrt-av ®-temiw*imx 

[0 0 6 8] Sffc&S^ ^(aftCT^Srfr^ •> 

[0 0 6 9] e^*»*0¥±S)«t^l4 x ^fkLfc< < -t 
5fcfe x UTW«i»>»v»**filci-5fe«) 
ic x ii?£ x 10M&±tt5ri:WSU' o +^ 
B»fkttS:#-Bfc«>lcj±» ^^at^SSriffS U< 14 3 0 
aid W±t1-5„ »*t«)ja>|[tttS^-h«50 
^EtttSr#lt^-5 t, e^*©¥*S^Sf4 1 10 

/h $ ^i^T-(4 HBE5©*BBtt3i< Wt^** < 
1-&tzib, r©4 5 ^#-^©¥^^1(4 1 0 0 u m « 
TffcSrtWSLi'. &*s x cco^-g-co^e^ 

50£I:5iH-S„ fi*¥*&te^D 5 o(4 x ao/h^Jtett-^ 

[0 0 7 0] ««»5|5«)«t|E«iJ»H:, itWMRfc 
io ^©/c^©^*aa©BM*7 ! c:(4f^lctToT 1 b J; < , ffi{t:*Q. 
(4\ X3SWl-ffli/»e>lx-C^5iiSf«)ai«W»»#a©^ 

«a*#jS-e*>s. *&#t-i^LTi4 x ^*©^t^K<'fc 
if srffl ^ 5 r t ^t-# a a«» l < »4«tti$ * m 

so [0 0 7 1] >- hflS^ti:. ±.&.m&1fo$ihffii£LlZfil 
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10072] zn^mt. m i ic^-tx oic^ mzmm 

[0 0 7 3] mmXUX'tt. TOft'WyyiLt 

o. 5 ~ 8 fii%SStife5 1 i i«»t L < , mmtn 

ft**tt. 'M^ttfflBKfcj-LO. 0 5~lli%SI 

srtw*uv jpje--^-(±. \mmm®<r)WL7K 
o~i2otsst-fo5 0 ifc, jgft^na. a«, i 

(C4 "9?&^jSS±#U iSS*#*-TB#(::f4, iiS, 80-1 

[0 0 7 4] »»*sSSI-fi 1 X.Siaft, Gilfclf 6 0*CEA 
T* LfcSL »»=Xglc:*3V*-CiE»lfe«: 

[0 0 7 5] $MTM\-£ S mi\C7r;£ft.Z>£o{c^ ii 
fit, ifLffiLlSt, r4xl^«t<ffi®XSi:*»e>*^$ 
mb#XS{cffl^P>ix5if LUL«l*J«tVffiffi 

0~12 0°Ce^, EEjgo— 3 0~8 0°Cg 
[0 0 7 6] »*J&«. ftR<£>->- h#j&ff£f*:£fifr£<75^- 

[0077] mmT.m<om^, ^n^ctMis 

^sft»4f>ix-5o fSM&SXgtt, StflgrogHfc; (MB.) <Dtz 

i4ioo~i7o tsgr-fc 9 . ^a^fWtt 3 0 #m 
~2i$iHgs-?*>5. awaaigM:. att*&*w^ste 

[0 0 7 8] «lffflV^15«li{8Iftl^M 



(10) 

IBfa$-t±££>gf4/j:v\, 
[0 0 7 9] 

[0080] <mmmi muTcm^zztt^Ttm 

[0 0 8 1 ] *1\ ^ys'; h3r»#fcJ:9«it 

^n— /U&fCi <9A?frL-C, ff £*<J3 0 M m , *§5 
wn<OWWVt<OM.ti&4tt UfCo ftSo- /HCI4B e -C 
U a-/U£r/IH\ -^W^ii^(4 5 0 m/s t l,fc, X^IhI 

14. TbCu 7 lMStltbcc«ila-Feffii:^ 

[0 0 8 2] a r ^"x#H^;4 I -r% ftft^icte 

mm'&famntcibiD&Mmzi&Ltz. ^3114, 720 

20 "CICTO. 5~1. 5l$ffltTftofc 0 SfttoSf^tCX^ 

mZftte-otztZZ, TbCu7lSlafiibccM 
a-F effl£fc^tr£*&ii^^»l«£fcoT*i"K 

[0 0 8 3] f&Miit Ltc-g-&%m 1 5 0 u m «T 

©Sit'^L, 1 ^JE£>&5(f#*#HSi<f T*4 5 0°C 

[0084] #«5»*i^ot^T, aasm^-KWtt^ 

J:9*att««Srfi 1 *v\ a - F e ffi©¥*S*SfiS£&:te <fc 
30 tfB^ffBHfc'pWa-F e ffitf>J£*£r#«>fco 1 

[0 0 8 5] Wfi^g4 5 ^ m i 4 9 l£*HR Lfc 

h y yu=r a 2 fi*g|5 t , ig^ft:^ Difuvi. 5 MS 

xfTIJyiA/^^O. 0 lMl;lF|ii^#* 
L, ^ISitCj: O80ti LfcJDI3E--y-lcJ: 5 15^ 

40 [0086] iiil*!KiSr6 ott-eftipufc^ ^M^t- 

[0 0 8 7] 7 0°C»cAPfiLfclttJf LfflL1« 

^<7??aS(4l 2 0°Ci Lfc„ #C^T% W#.<Df&Mfc& 2 
mo— JUm^m^X "9JPXL. J¥^0. 8 ram. tg8 0mra 

SSfttTofc, D-/uiatU5 0ti:Lfc„ 

[0 0 8 8] #C^T\ ^^{Cfc^T, *R->— httril 
ff^^SrS^ 1 0 0mmi:/«c5«J: pKgjgfLfco 
so [00 8 9] 9JtWm, *ft*tf*ft<n^®m$:l& : tk-*i> 
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(11) 

19 20 

tzttxn^mtim (sot. i ob#w) t. mtM&mitz * < (bh) max } ^sij^Lfco fe&zm i tc^-r„ * 

■tt-C»««:f*4--*-Sfcit)©J»ftia (150°C, 2B$^) fc, ^S-y-V-y/K^JSfBffili, TbCu 7 *S<ta-F e fB 

jo j:irsRn&aii. ^mf r-tTofco [oo9i] 
[0090] mfeo^v^Kott^t&sfeiarii, asm i^i] 

(Br), ( iHc ) , 

» 1 (i^»D5£fg*5J;?/CoSJ-«l: -2.it®) 



2* 5 $g*»33fl/& (MffX) ¥iSjS^ FS lt* Br iHc (BHJtrax 

No - 51 *» "° " N mm. (ran) HfcfgX) (kG) (kOe) (MGOe) 



101 6.1 - 4.3Zr 14. Q 35 20 6.7 5.5 7.5 

102 6.0 9M> - 3.0Zr+2.0Al 15.0 33 19 6.5 0.5 7.0 

103 6.3 9m 5 2.5Zr+1.0Nb 14.5 28 18 6.6 7^5 7 5 

104 6.4 «g|5 10 4.1Zr 14.2 36 20 6.8 5.5 7.6 

105 6.4 9m - -** 12.0 120* 34 2.5 1 8 0 8 

106 6.4 9m - 3.0T1* 13.5 42 12 6.0 4.0 2.8 



[0 0 9 2] H\\ZmZixZ>1fcZkfrh. ^WO®^ 

i-S-b-vy/uT'ii, RtWI* s '>'i< TtStSI^^f 

[0 0 9 3] ifc, *l*>f>, SsJPTC^Mi: LTZ r 
^iri"5 r £ tc J; S^*^ ^T-ifcS. ir^t>h. 

[0 0 9 4] SU/5>ib, C o SriSft^0l--5 ^ t 

[0 0 9 5] ifc, fc¥iillfi!ct'fe5Sm2 F e 17CO 

$5H (R^4~8]JK^ L %, N^l 0~2 OK^/o, 
2~1 "CttaftJc:5i-S«FW^l/3SftW 
T*-Cfi«IS*v. A 1 Samlet 0, £fk*yffii9M«r£$> 

[0 0 9 6] ft*}, f-V^/PNo. 105 J^T'fia - F 

/l-No. 1 0 5 T-liffi^/jT a — F e h 



0~ 1 0 0nmT-fco/c 0 i§iI£)flt^-gR&$£{.: 
20 itJ^tBtfcoTai&T/ (R + T + M) 
8 0~8 5%<75®iatCfoofc 0 
[0 0 9 7] ify/zUNo. 101-104 T'f±, Hk / 
iHc ^ 1 8%JW±, I S /I H ^0. 4~0. 5X'h 
t> , T b C u 7 SfSStS©!^ t°- * 2 9=4 

2. 0-42. 5° (DfSSfflfCfcofce ' tLfiJtLD-^y 
/UNo. 1 0 5t*lt Hk / iHc ft 1 5%*^ I S / 
lH* 5 2. Oitfo 1 ), fy^UNo. 10 6T- 

fl, Hk / iHc 7>?1 5%*S§T*feo/t. 
[0 0 9 8] <HJfe#J2 : R*fcJ;V«c5t«ttffi«)tt* 
30 fdJ;5JttJ>«2^1-mJ5!t»^*&*S:'& : t-r5->- 

^8^7 0 0~7 5 0°CtCT0. 5~l^FWfT^^\ Hft 

ftlftWiSftfSso ii mttTir-^L^ ^ft:*aa 

[0 0 9 9] rjXbWfy^WCO^T, HtSWlilB] 
«fciMJ£«rfTfcofc 0 2 fc^-fo 

[0 10 0] 
40 [3? 2 ] 



^BS 3 ? 9-2 98 111 



(12) 

21 22 

n 2 {Rm&±v^wm<»ftmz*zttm 















a— F e 












mEmm&L ug&M 








Br 


iHc 


(BH)max 


No. 


So 


Fe 


Co 


M 


N 


tati (nm) 


«*»» 


(kC) 


(kOe) 


(MGOe) 


201 


2.6** 






3. 4Zr 


10.3 


90* 


29 


5.2 


2.8 


4.0 


202 


3.5* 






3.4Zr 


12.8 


34 


26 


7.S 


4.5 


6.5 


203 


5.8 


MS 




3.4Zr 


14.3 


29 


16 


7.3 


9.0 


8.0 
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7.2 






3.4Zr 


14.0 


30 


13 


7.1 


9.3 


7.8 
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9.5* 
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14.8 


28 


5* 


5.3 


9.0 


4.8 



*♦) *¥mmmK *) l ^wm^ 
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9, T b C u 7 fgiffi (7)ft^ t - ^ (^fil^ 2 0=4 
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Co 
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5. 9Sm 




- 3.3Zr 


4.4** 


29 


15 


4.3 


1.8 


1.5 


402 


5. 9Sm 




- 3.3Zr 


8.5* 


29 


15 


5.3 


4.4 


4.5 


403 


5. 9Sm 


fm 


- 3.3Zr 


14.5 


29 


15 


7.0 


7.8 


7.6 


404 


5.9Sm 


%m 


- 3.3Zr 


16.6 


29 


15 


7.1 


8.0 


7.7 


405 


5. 9Sm 


ms 


- 3.3Zr 


22.4* 


29 


15 


6.5 


4.6 


4.8 
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5. 9Sm 


tm 


- 3.3Zr 


27.2** 


29 


17 


6.3 


3.8 
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(MGOe) 
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6.4Sm 




- 3.3Zr 
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3* 


4* 


7.9 


0.8 


1.8 
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6.4Sm 




- 3.3Zr 


14.7 


27 


14 


6.8 


8.8 


7.8 
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14.7 
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14 
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5.5 
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[0121] *>-y/UNo. 5 0 2 T*(i, Hk / iHc ^ 
1 8%J^±, I S /lH^0. 4-0. 5T'fe^ Tb 
C u 7 Sgf 0 S(Dt^ t 4 - ^ (D(4I^ 2 0=42. 0- 

4 2. 5° ^®ffltcfeofc 0 rn^*tu-y-v^No. 5 
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0. 4*S8-efct), -y-V^/UNo. 5 0 3T*li, H 

k/ iHc ^i5%m I S /I H ^2. O^T'fco 
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6.6Sm 


mi 


- 3.3Zr 


14.7 


27 


14 
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6. 6Sn 




- 3.3Zr 


14.7 


27 


14 


6.7 


8.8 


7.6 


96.5 


2 
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6.6Sn 




- 3.3Zr 


14.7 


27 


14 


4.5 


S. 8 


4.8 


90 


2 
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6.6Sm 


mi 


- 3.3Zr 


14.7 


27 


14 


3.9 


8.8 


3.6 
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2 
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6.6Sm 




- 3.3Zr 


14.7 


27 


14 


6.7 


8.6 


7.5 
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14.7 


27 


14 
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7.6 
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2 0 5 
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